To elucidate whether or not the promoting effects on embryo development is derived from the characteristic factors which the oviduct possesses, we cultured mouse embryos in the oviduct, the ureter and the vein, all of which have "ductal structures", and we compared the culture efficacy among 3 organs. Furthermore, we measured oxygen tensions within the 3 organs and performed an ultrastructural analysis of the three ductal organs after the culture. Embryos cultured in the oviduct developed to blastocysts at a significantly higher rate (13.5%) than those in the ureter (1.7%) and the vein (0%). The oxygen tensions of the inner lumen of all the ductal organs were relatively low, 36-45 mmHg, and no remarkable difference was observed among the 3 organs. These results suggest that the oviduct may have embryo growth promoting effect besides low oxygen tension. Furthermore, the ultrastructural results suggest that not only the normality of structural components but the inherent character of the oviduct may play an important role in the promotion of embryo development.
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(j. Reprod. Dev. 39: [85] [86] [87] [88] [89] 1993) M ammalian embryo development is known to be generally delayed in vitro [1] . A wellknown phenomenon that occurs in vitro is the block of embryo development in various mammals [1] [2] [3] [4] [5] [6] , which is known as in vitro 2-cell block in mice [2, 4] . Mouse 2-cell block phenomenon has been studied for many years. Biggers et al. [7] have reported that mouse zygotes develop to blastocysts in an explanted oviduct maintained as an organ culture in the same proportion as in vivo, and that the oviduct has the attenuating activity of 2-cell block. After that, a number of attempts to characterize oviduct-derived embryo growth promoting factor have been made, but there have been no report on the isolation of the factor. Recently, mouse 2-cell block was reported to be overcome by co-culturing embryos with oviductal cells [8] and by culturing embryos under low oxygen tension in the presence of superoxide dismutase (SOD), a scavenger of superoxide anion radicals [9] . These results suggest that the protection of embryos from oxygen radicals is a prerequisite for the embryonic development, and that the oviduct plays an important role in the development of embryos.
In this study, to elucidate whether or not the promoting effects on embryo development is derived from the characteristic factors which the oviduct possesses, we cultured mouse embryos in the oviduct, the ureter and the vein, all of which Oxygen tension within ductal organs
We measured the oxygen tensions of the inner lumen of these 3 ductal organs after 96-h's culture, using a microoximeter (M.T.Giken Ltd., Tokyo, Japan). In each experiment, we measured the oxygen tension of one specimen for each organ. The experiments were replicated 3 times.
Ultrastructural observations of ductal organs
The ductal organs after the culture were fixed in a solution of 4% glutaraldehyde and 4% paraformaldehyde in 0.1 M phosphate buffer, pH 7.4, for 120 min at 4C. Subsequently, they were post-fixed in 1% osmium tetroxide for 60 min, dehydrated in graded ethanol, and embedded in Spurr's resin. Thin sections were cut with a glass knife on an LKB-Ultrotome and then stained with uranyl acetate and lead citrate. Micrographs were made under a JEM-100CX electron microscope.
Statistical analysis
The results of culture experiments were analyzed using the chi-square test. The results of oxygen tension were analyzed using student's t-test. The probability less than 0.05 was considered significant.
Results
As shown in Table 1 , a significantly (P<0.01) higher rate of blastocyst formation was observed in the oviduct (34/252, 13.5%), when compared with those in the vein and ureter (1/146, 0.7% and 0/165, 0%). Table 2 shows the oxygen tension within the ductal organs. The oxygen tensions of the inner lumen of all the ductal organs were relatively low, 36-45 mmHg, and no significant difference was observed among the 3 organs.
Ultrastructural observation of the vein (Fig. 1 ) and ureter (Fig. 2) after the culture showed the marked disorganization in their epithelia. As for the oviduct (Fig. 3) , although the apical membranes were relatively intact, the disorganization in the cytoplasm was marked as well.
Discussion
Since mouse 2-cell block phenomenon does not occur in the oviduct, it could be a good model to evaluate the oviduct function and clarify the environment provided by the oviduct for the embryo. One of the differences between in vitro culture and the culture in the oviduct is that the latter has a "ductal structure". In this context, we cultured mouse embryos in the oviduct, the ureter and the vein, all of which have "ductal structures". However, embryos cultured in the oviduct developed to blastocysts at a significantly higher rate than those in the ureter and the vein. The difference of the oxygen tension between in vivo and in vitro environment should also be considered. The oxygen tension in the oviduct or uterus, which has been measured in various mammals [10] [11] [12] , is 40-60 mmHg (1/4-1/3 of the atmosphere). Culture under a low oxygen tension was, reportedly, effective for embryo development in various mammals [13] [14] [15] [16] [17] . Recently, we have evaluated the effects of active oxygen species on embryo development and demonstrated that mouse 2-cell block could be overcome by adding SOD to the culture medium [18] . Furthermore, we demonstrated a marked increase in the rate of blastocyst formation of mouse embryos in medium containing SOD under low oxygen tension (5% O2 ) [9] . To determine whether or not the embryo growth promoting effect observed only in the oviduct is due to the low oxygen tension, we measured the oxygen tension in the ductal organs. The results were that the oxygen tensions of the inner lumen of all the ductal organs were relatively low, 36-45 mmHg, and no significant difference was observed among the 3 organs. These results suggest that the oviduct may have embryo growth promoting effect besides low oxygen tension.
Ultrastructural observation of the vein and ureter after the culture showed marked disorganization in their epithelia. This destruction of cells and the outflow of toxic factors into the lumen may cause the extremely low rate of blastocyst formation in the vein and the ureter. The relatively intact apical membranes of the oviduct might be involved in the result that a higher rate of blastocyst formation was observed only in the oviduct. However, also in the oviduct, the destruction of the cells was marked and the outflow of the toxic factors into the lumen may occur, so the explanation fot this result only by the relatively intact apical membranes of the oviduct may be insufficient. Some other factors characteristic of the oviduct might be involved. Takahashi et al. [19, 20] have found that activin A releases the mouse 2-cell block and immunohistochemically demonstrated that activin is present in the epithelium of the oviduct. From these findings, they consider activin as one of the physiological factors to be secreated from the oviduct and to help early embryo development in vivo. Natsuyama et al.
(submitted for publication) have found that Lcysteine is a major embryo growth promoting factor in co-culture of embryos with oviductal cells. These enzymes may be candidates for the oviductderived factor(s).
In the present study, we have confirmed that the promoting effects on embryo development depend not on the "ductal structures", but on the inherent character of the oviduct. Furthermore, the ultrastructural results suggest that not only the normality of structural components but the inherent character of the oviduct may play an important role in the promotion of embryo development.
